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SUMMARY 

Urban green spaces are considered as an effective environmental solution to mitigate the UHI 
effect, so maintaining green spaces in cities is crucial. The aim of the study is to identify the 
types of vegetation in Kyiv territories that have the best ability to reduce the warming of the 
land surface under UHI effects. The analysis of the MODIS Land Surface Temperature data 
collection allowed us to establish a general trend in the temporal distribution of LST, which 
indicates a stable annual increase in LST. The WorldCover datasets allow to determine the type 
of land cover and obtain information on the type of vegetation of the territories. Thermal 
infrared RS was used to study and assess the LST. To quantify vegetation density, the NDVI 
index was calculated based on spectral correlations. The quantitative assessment is based on 
Landsat 8-9 data. The study indicates that the best UHI effects are observed in mixed forest 
vegetation and herb vegetation with sufficient moisture conditions. The effectiveness of cooling 
the land surface is influenced by the nature of the vegetation cover and the vital state of plants, 
in particular, sparse and dry vegetation of various types is not effective in reducing abnormal 
temperature effects. 
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Introduction 
 
According to the Annual Global Climate Report, 2024 was the warmest year by 1.29°C above the 20th 
century average of 13.9°C (since 1850), which is 0.10°C higher than in 2023 (Annual Global Climate 
Report, 2024). The consequences of warming are most strongly felt in cities due to the disruption of 
urban aeration, an increase in the area of heat-absorbing structures, and a decrease in the area of green 
spaces. Urban green spaces are widely regarded as an effective environmental solution to mitigate the 
urban heat island (UHI) effect, so maintaining green spaces in cities is crucial (Nastaran, 2014, 
Morabito, 2018, Kupach, 2022) The analysis of long-term data from the MODIS Land Surface 
Temperature collection indicates a gradual warming of the earth's surface for the areas analysed in this 
study (Fig. 1). The objective of the study is to identify the vegetation types in the Kyiv areas of 
Pronivshchyna and Sovska Balka that have the best ability to reduce the warming of the earth's surface 
under UHI conditions. 
 

 
Figure 1 Scatter plot of temperature values for the period from 2014 to 2024 [based on data from 
MODIS]. 
 
Method and Theory 
 
The Terra Moderate Resolution Imaging Spectroradiometer (MODIS) Land Surface 
Temperature/Emissivity Daily (MOD11A1) Version 6.1 product contains daily pixel-by-pixel data on 
the Earth's surface temperature (LST) with a spatial resolution of 1 km in a grid of 1 200 by 1 200 
kilometres, and therefore provides monitoring of daily LST. The analysis of the data collection on the 
GEE platform allows us to establish a general trend in the temporal distribution of LST for the territories 
of the Sovka River Valley (Wan, 2021). The analysis of the ability of green spaces to mitigate the impact 
of urban heat islands was carried out using ESA WorldCover 10 m 2020 v100 and Land Cover 100 m 
data: Version 3 Globe 2015-2019 (Buchhorn, 2020, Zanaga, 2021). These datasets allow us to determine 
the type of land cover and obtain information on the type of vegetation of the territories. The land cover 
structure and vegetation types of the Sovka river valley were obtained, as shown in Figure 2. Land use 
types were taken from OpenStreetMap vector datasets (OpenStreetMap, 2021). Landsat 8-9 Collection 
2 Level 2 data contain information about the Earth's surface obtained using OLI (9 spectral bands in 
VIS, NIR, SWIR) and TIRS (2 spectral bands in LWIR) instruments. Landsat 8-9 data have sufficient 
resolution (NIR, SWIR 15-30 m / TIRS 100 m) (Earth Resources Observation and Science (EROS) 
Center, 2020). Thermal infrared remote sensing is most often used to study and assess LST, as well as 
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UHI effects. Remote sensing data provide continuous recording of values and characteristics of the 
earth's surface in space, which is important for analysing the spatial distribution of temperature. 

 
Figure 2 Urban spaces of the Sovka river valley [based on Buchhorn, M., 2020, Zanaga, D., 2021, 
OpenStreetMap]. 
 
LST for the territory of Kyiv was calculated using QGIS Raster Calculator. An algorithm for additional 
cloud masking was applied to the collection data. To quantify the state of health/density of vegetation, 
the vegetation index NDVI was calculated based on spectral correlations. Healthy vegetation has a 
characteristic spectral reflectance curve, which is used to calculate the difference between the visible 
red and near-infrared wavelengths. Visualisation in the visible and infrared spectral range, as well as the 
comparison of the index to each other, allows to identify and analyse the presence and condition of 
vegetation cover, to separate vegetation from other objects that create the land cover. The NDVI index 
is visualised on a standardised continuous discrete scale with values ranging from -1 to +1. 
 
Results 
 
In general, since 2000, the territory of Pronivshchyna and Sovska Balka has been marked by intensive 
processes of growth of surfaces with artificial surfaces and a decrease in areas with greenery. The growth 
of built-up areas and the disruption of natural aeration, with various artificial surfaces, and the 
emergence of areas with open ground, increases the manifestations of UHI due to intensive heating of 
the ground surface. Comparison of LST data and NDVI data (Fig. 3) shows a direct correlation between 
the state of vegetation and the temperature regime of the earth's surface.  Areas with continuous artificial 
cover (buildings, roads, etc.) are characterised by an excessive increase in surface temperature to 
abnormally high values (over 50 °C), while areas covered with tree plantations and areas with sufficient 
soil nutrition are characterised by a decrease in surface temperature by 10-20 °C. 
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Figure 3 Quantitative assessment of the land surface temperature and vegetation condition in the study 
area [made by the authors on the basis of data from даних Earth Resources Observation and Science 
(EROS) Center, 2020]. 
 
Finding the temperature amplitude values obtained from LST for different types of vegetation 
(LandCover) allows us to obtain information on how effective different green spaces can be in cooling 
the earth's surface in the conditions of heatwave effects in summer (Fig. 3). 

 
Figure 4 Ability to reduce the heat island effect of different vegetation types [compiled by the authors]. 
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Conclusions 
 
LST formation is the result of interaction between different types of land cover and the atmosphere. 
Studying the nature of the LST and its changes allows us to assess the environmental friendliness and 
favourability of the urban environment. Uncontrolled rapid urban sprawl potentially changes the 
thermodynamic and radiation activity of the earth's surface, thereby exacerbating the impact of climate 
change and heat waves. The rapid growth of artificial surfaces (buildings, roads and industries) leads to 
an increased increase in LST. The study shows that areas with mixed forest vegetation and dense lawn 
plantations (sufficient moisture conditions) are best able to cope with UHI. The effectiveness of cooling 
the land surface is influenced by the nature of the vegetation cover and the vital state of plants, in 
particular, sparse, fragmented and dry vegetation is not effective in reducing abnormal temperature 
manifestations. 
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